sample was specifically noted by JL in 1981. We are indebted to Dr M O'Connor for post-mortem samples of vitreous humour and CSF.
For a set of results to be accepted for a normal range no abnormality apart from mild fever or poor feeding had to exist at the time of the sample and subsequent investigation and progress had to be essentially negative. In newborn, the majority of such specimens were taken during a search for evidence of infection. The adult normal range was determined from a series of CSF samples from patients without marked evidence of metabolic or other disease, stored at -20°C by the Clinical Chemistry Department at Northwick Park Hospital. However, both sets of "normal" ranges are probably falsely high because some abnormality existed to prompt' the taking of the CSF sample.
BIOCHEMICAL
Trichloracetic acid extracts of CSF were analysed by high pressure liquid chromatography by the methods of Simmonds and Harkness.7 The results of bacteriological examinations, cell counts, protein and glucose concentrations by conventional methods were obtained from the case notes.
Nucleosides, inosine and adenosine, were specifically measured using boronate affinity column chromatography followed by high performance liquid chromatography (HPLC) using a gradient of methanol in phosphate buffer on a C18 Hypersil column. A similar method has been used to measure adenosine and inosine in plasma.9 The nucleoside, uridine, the central compound in pyrimidine metabolism, was measured by the simple and by the selective method and this provided a measure of the overall recovery of nucleosides which was used to correct the final analytical results.
Results

NORMAL INFANTS AND ADULTS
In 18 "normal" CSF samples from 16 newborn infants the concentrations of hypoxanthine, xanthine, uridine, and inosine are shown in Fig. 1 ; the distribution of values are symmetrical about a mean. An arithmetic mean and range of ±2 SD were therefore used. Values (p.mol/l) were for hypoxanthine [3] [4] [5] [6] (1 8-5-5), xanthine 5 0 (0-9-9 1), uridine 3-3 (0 6--6 3) inosine 0 7 (0-2 0). Urate, the catabolic product of hypoxanthine and xanthine, was also estimated in nine samples which had a mean (+SD) concentration of 30 (+25) ,umol/l.
In a "normal control" series of 29 adults the concentrations in CSF of hypoxanthine, xanthine, uridine, inosine are shown in Fig. 2 . The results showed an approximately log-normal distribution. Geometric mean and range of +2 SD of the logarithmically transformed data are therefore shown in Fig. 2 . The mean and ranges (,umol/l) were hypoxanthine 1-8 (0 S6-5 1), xanthine 1 7 (0 6-4 7), uridine 1 6 (0 3 8-2), and inosine 0 2 (0(1-0). The specificity of the rises in ATP metabolites after hypoxic damage was assessed from CSF concentrations in other conditions (Fig. 4) . No increases over 10 ,umol/l for the compounds measured was obtained in conditions causing fever or fits. CSF hypoxanthine concentrations were increased in newborn infants with bacteriological evidence of infection or a fever (Mann-Whitney U test p < 0 05). Surprisingly two children with meningitis had 
Discussion
The prediction that large rises of ATP metabolites in CSF would occur as a consequence of damaging hypoxia has been confirmed in our four-year experience. In view of the difficulties of diagnosing and measuring intrapartum asphyxia it would also appear necessary to study older children and adults after proven and measured periods of hypoxia; it may then be possible to relate the period of ventilatory or cardiac arrest to the raised concentrations of ATP metabolites and other evidence of the damage sus-tained. It would be necessary to use the appropriate normal range because there are slight differences between "normal" values for newborn infants and those for adults ( Figs. 1 and 2 ). Such differences may be related to the increasing maturity of the blood brain barrier in the first year of life. '6 The large changes in the concentrations of hypoxanthine in CSF are consistent with the sensitivity of the brain to damage from failures of energy supply by hypoxia, or by hypoglycaemia.5 Hypoxanthine was better than xanthine at "detecting" damage which is consistent with the larger increases in hypoxanthine in blood and urine after acute reduction of intracellular ATP concentrations in man. '7 At least for research purposes a method separating hypoxanthine from xanthine is therefore advisable.
Only one other series has been reported; these results were obtained with a xanthine oxidase-based oxygen electrode method, in which hypoxanthine and xanthine were measured together. The sensitivity of this method is not high enough to measure many normal values.'8 However, some patterns of results similar to ours were obtained. Meberg and Saugstad'8 showed a marked rise in asphyxiated children in CSF samples, "taken very shortly after the hypoxic period." Our results show that change is marked for the first 24 h and suggest that changes might be seen for up to about 48 h after the episode but not thereafter.
Brain damage in infants was not obvious before concentrations of hypoxanthine reached 10 jxmol/l about twice the upper limit of normal at 5 4 iLmol/l. Values ranged up to about 700 ,umol/l. Membrane transport mechanisms are probably not rate limiting."' Hypoxanthine concentrations are therefore a sensitive method of detecting brain damage. In contrast a standard objective method of assessing hypoxic damage, hydrogen ion concentrations in blood, ranges from pH 7-4 (40 nmol/l) to pH 7-0 (100 nmol/l) but discrimination with good samples and modern equipment is adequate.
In agreement with Saugstad and Olaisen20 we found rises after death in the concentration of metabolites in vitreous humour. The pattern of a rapid initial rise and little if any change for several hours thereafter seen in CSF vitreous humour oxypurine concentrations is also seen in another major intracellular component, potassium concentrations, in vitreous humour. 2' A Speculatively, changes in adenosine, inosine and the quantitatively more important hypoxanthine could be signals which cross cell membranes from damaged areas. This signal by interacting with "diazepam" receptors38 could produce a more generalised "inhibition" than that produced by failure of the more active and more sensitive components. This mechanism could, in part, explain the generalised loss of consciousness during hypoxia, hypoglycaemia or after the excessive cerebral activity of epileptic fits, even during the induction of anaesthesia.
Although our methods are well suited to research and development a simpler method would be needed for clinical use. More data is needed to provide a good basis for more widespread use in prognosis. At present, normal CSF hypoxanthine concentrations would be a sensitive indicator for the absence of damage from hypoxia available immediately after the episode. In the most extreme case, brain death, it appears that it may prove possible to provide the quantitative objective data apparently necessary to reassure some of the accuracy of the diagnosis.39
